Epilepsy, a disorder of unprovoked seizures is a multifaceted disease affecting individuals of all ages with a particular predilection for the very young and old. In addition to seizures, many patients often report cognitive and psychiatric problems associated with both the seizures themselves and its therapy. Epilepsy has numerous etiologies both idiopathic and acquired with a wide range of therapeutic responses. Despite numerous treatments available to control repetitive seizures including medications, diets, immunotherapy, surgery, and neuromodulatory devices, a large percentage of patients continue to suffer the consequences of uncontrolled seizures, which include psychosocial stigma and death.
Epilepsy, a disorder of unprovoked seizures is a multifaceted disease affecting individuals of all ages with a particular predilection for the very young and old. In addition to seizures, many patients often report cognitive and psychiatric problems associated with both the seizures themselves and its therapy. Epilepsy has numerous etiologies both idiopathic and acquired with a wide range of therapeutic responses. Despite numerous treatments available to control repetitive seizures including medications, diets, immunotherapy, surgery, and neuromodulatory devices, a large percentage of patients continue to suffer the consequences of uncontrolled seizures, which include psychosocial stigma and death. E pilepsy is an ancient disorder and has been described historically from the times of the ancient Babylonians to the modern day. Although epilepsy is characterized by seizures that are unpredictable in frequency, epilepsy is a common neurological disorder that affects people of all ages. Indeed, epilepsy has a bimodal onset that occurs most often in childhood and older adulthood (Institute of Medicine 2012). However, it is also a spectrum of disorders with a range of severities, widely differing seizure types and causes, and varying impacts on individuals and their families. Beyond actually living with epilepsy and its seizures and coexisting health conditions, the challenges that face millions of people living with epilepsy include having access to high-quality healthcare, learning about and coordinating healthcare, medication, vocational, independent living, and other community services, and dealing with stigma and common public misunderstandings. As such, epilepsy imposes an immense burden on individuals, families, and society as a whole.
The Institute of Medicine report, "Epilepsy Across the Spectrum" summarized some important statistics regarding epilepsy (Institute of Medicine 2012). Epilepsy involves 2.2 million people in the United States and .65 million people worldwide (Hirtz et al. 2007) . One hundred and fifty thousand new cases of epilepsy are diagnosed in the United States annually (Institute of Medicine 2012). One in 26 people in the United States will develop epilepsy at some point in their lifetime (Institute of Medicine 2012). Children and older adults are the fastest-growing segments of the population with new cases of epilepsy. The risk of death increases for people with epilepsy with an estimated 10 years of life lost for people whose epilepsy has a known cause, and 2 years lost for people with epilepsy from an unknown cause (Institute of Medicine 2012). The number of people with epilepsy who die from sudden unexpected death in epilepsy (SUDEP) varies from one of every 10,000 newly diagnosed to nine of every 1000 candidates for epilepsy surgery (Institute of Medicine 2012).
The direct annual medical care cost of epilepsy in the United States totals $9.6 billion, and this does not consider community service costs or indirect costs from losses in quality of life and productivity (Begley et al. 2000) . These indirect costs are estimated to constitute the majority of the cost burden of epilepsy.
DEFINITION
To understand seizures and epilepsy, one must fully grasp the official terminology and nomenclature used to describe seizures and epilepsy. According to the International League Against Epilepsy (ILAE), the main governing body responsible for terminology and nomenclature as it pertains to seizures and epilepsy, a seizure is defined as an abnormal electrical perturbation resulting from a network of neurons (Berg et al. 2010) . In the year 2014, an ILAE task force revised the definition of epilepsy (Fisher et al. 2005 (Fisher et al. , 2014 . A person is considered to have epilepsy if they meet any of the following conditions:
1. At least two unprovoked or reflex seizures occurring .24 hours apart.
2. One unprovoked or reflex seizure and a probability of further seizures similar to the general recurrence risk of at least 60% after two unprovoked seizures occurring over the next 10 years.
3. A diagnosis of an epilepsy syndrome.
As such, it is possible that someone can have the diagnosis of epilepsy after having one seizure depending on the etiology and the electroclinical syndrome.
Epilepsy is considered to be resolved for individuals who have an age-dependent epilepsy syndrome but are now past the applicable age or those who have remained seizure free for the last 10 years with no seizure medicines for the last 5 years. According to this new definition, epilepsy is now called a disease rather than a disorder, similar to other heterogeneous disorders like cancer and heart disease, which are also termed diseases to convey the seriousness of the condition to lay audiences.
CLASSIFICATION OF SEIZURES AND EPILEPSY
In all classification systems, the distinction between seizures primarily relies on whether the inception of these events in the cerebral cortex is of a focal or generalized origin. Therefore, all classification systems begin with a division of seizures between focal and generalized seizures. This is important because the choice of medical and surgical interventions will be dependent on the appropriate classification. The subtypes for generalized and focal seizures are displayed in Tables 1 and 2. Focal seizures originate at some point within networks limited to one hemisphere. Focal seizures may originate within subcortical structures and they may be classified as focal without impairment of consciousness (clonic, autonomic, and hemiconvulsive), focal or subjective sensory or psychic phenomenon (aura specific), focal dyscognitive with impairment of consciousness, and focal evolving to a bilateral convulsive seizure. The term simple partial, complex partial, and partial seizure with secondary generalization has been embedded in the epilepsy lexicon for decades. There has been considerable resistance of letting go of these terms. However, simple means without alteration of consciousness, and complex implies altered awareness. Complex partial has been replaced by the term focal dyscognitive describing seizures with disturbed cognition as the prominent feature. The term secondary generalized seizure is replaced by focal seizure evolving to a bilateral convulsive seizure. Generalized seizures imply a bilateral hemispheric onset and they are divided among six categories. These include tonic -clonic, absence with five subdivisions (typical, atypical, absence with special features, myoclonic absence, and eyelid myoclonia), myoclonic with three subtypes (myoclonic, myoclonic atonic, and myoclonic -tonic), tonic, clonic, and atonic.
Neonatal seizures are no longer regarded as a separate entity. Seizures in neonates can be classified within this new scheme. Epileptic spasms are the acceptable term for infantile spasms because they may continue or begin after the first year of life. Because there is insufficient knowledge to classify these seizures as focal, generalized, or both, they have been placed in their own group.
THE EPIDEMIOLOGY OF EPILEPSY
The common standard measures of frequency of epilepsy in a population are incidence rate and prevalence rate. The incidence studies of epilepsies show that the age-adjusted incidence of epilepsy ranges from 16 per 100,000 person years to 111 per 100,000 person years depending on geographical location (Lavados et al. 1992; Benn et al. 2008 ). The highest age-adjusted incidence in the world is in rural Chile with 111 cases per 100,000 (Lavados et al. 1992) . Most studies show a range from 26 per 100,000 person years (in Norway) to 47 per 100,000 person years (in England) (Brewis 1966; De Graaf 1974) .
Point prevalence is a proportion of individuals in the population who are affected by health conditions at a single point and time. A plethora of studies have shown that the typical point prevalence for epilepsy is between four and 10 per 1000 persons (Sander 2003) . Most large-scale studies of population and resource-poor countries have reported prevalence rates for active epilepsy as high as 6-10 per 1000 (Placencia et al. 1992; Aziz et al. 1994; Sander and Shorvon 1996; Bell and Sander 2001) . Many of these studies have, however, reported different rates for urban and rural areas, usually with higher rates in the latter. The differences seem likely to be artifactual or attributable to differential case ascertainment between regions, as many of these studies used identical method study designs and diagnostic confirmation. Real differences in prevalence may be related to the presence of endemic conditions, such as neurocysticercosis or malaria, the medical infrastructure in place, including availability of preventive regional health programs, and accessible local medical care (Institute of Medicine 2012).
Lifetime prevalence is the risk of having a nonfebrile epileptic seizure at some point in an average lifetime. In both industrialized and resource poor countries, up to 5% of a population will experience a nonfebrile seizure at some point in their lives (Bell and Sander 2001; Sander 2003) . From the difference between lifetime prevalence and the point prevalence of active epilepsy, it is apparent that in most patients who develop epilepsy, the condition remits.
Epilepsy, however, is associated with increased mortality, particularly, but not exclusively, in symptomatic cases. Different measures are used to estimate mortality depending on study design and available information. Mortality is best expressed as a standardized mortality ratio, which is the ratio of observed deaths (number of deaths in an epilepsy population) to that expected based on the age-and sex-specific mortality rates as a reference population in a given time. The proportional mortality ratio is the proportion of death owing to a particular cause in a cohort of patients in a given period and can be used to compare the relative contribution of various causes to the overall mortality in a population. In large cohort studies of patients .15 years of age, the standardized mortality ratio ranged from 2.1 to 5.1 (Nashef et al. 1995; Nilsson et al. 1997; Shackleton et al. 1999; Lindsten et al. 2000; Lhatoo et al. 2001) . The majority of deaths in people whose seizures started in childhood occur in adulthood. Prospective studies in which children with large sample size were followed for 15 to .30 years reported high, standardized mortality rates (Harvey et al. 1993; Kurtz et al. 1998; Sillanpää et al. 1998; Camfield et al. 2002) .
Death in people with epilepsy can be classified into three groups: epilepsy-related deaths, deaths related to the underlying cause of the epilepsy, and deaths that are unrelated to the epilepsy or underlying etiology. The proportional mortality ratio (PMR) for epilepsy-related conditions, range from 1% to 45% (Zielinski 1974; Hauser et al. 1980; Annegers et al. 1984; Cockerell et al. 1994; Loiseau et al. 1999; Lhatoo et al. 2001; Ding et al. 2006) .
A common cause of epilepsy-related deaths is SUDEP, defined as a sudden unexpected or witnessed or unwitnessed nontraumatic and nondrowning death in patients with epilepsy, with or without evidence of seizures and excluding documented status in which postmortem examination does not reveal a toxicological or anatomical cause of death. The reported incidence of SUDEP has ranged from 0.35 to 9.3 per 1000 person years depending on the different study populations and methodologies used (Hitiris et al. 2007; Jehi 2008) . The incidence of death for young adults with intractable epilepsy is many times out of the general population with a peak between the ages of 20 -40 years (Hitiris et al. 2007) .
Status epilepticus-an emergency condition characterized by recurrent seizures and the patient not returning to their normal baseline-accounts for between 0.5% and 10% of all deaths in epilepsy with a standardized mortality ratio of 2.8 (Logroscino et al. 2002) . People with epilepsy may sustain a fatal accident, either during a seizure or as a consequence of a seizure. Accidental deaths related to epilepsy are commonly caused by drowning, traffic accidents, trauma, falls, burns, or aspiration. Based on records from emergency departments, the risk of injury as a result of seizures was estimated to be 29.5 per 100,000 per year (Kirby and Sadler 1995) . Accident-related deaths in people with epilepsy comprised 1.2% -6.5% of all deaths in community-based studies (Sillanpää et al. 1998; Lhatoo et al. 2001 ); 7.3% -42% in selected population studies with standard mortality ratios ranging from 2.4% to 5.6% (Institute of Medicine 2012). People with epilepsy have an increased risk of drowning with a standardized mortality ratio of 5.4 to 96.9, which varies depending on the study population (Nilsson et al. 1997; Bell et al. 2008) .
Common nonepileptic causes of death cited in mortality studies include neoplasms, stroke, hemorrhage, and pneumonia. Reports have noted decreased standardized mortality ratio for malignant neoplasia of the lungs, pancreas, hepatobiliary system, breasts, and lymphoid tissue (DeLorenzo et al. 1996) . Cancer accounts for 16% -29% of deaths reported with standardized mortality ratios ranging from 3.4% to 5.4% (Lindsten et al. 2000; Shackleton et al. 2002; Bell et al. 2008) .
RISK FACTORS FOR EPILEPSY
The risk factors for epilepsy in adults are somewhat established and are further discussed in the section, What Causes Epilepsy? There are several known risk factors for epilepsy in adults including head trauma, central nervous system (CNS) infections, such as neurocysticercosis, strokes, both embolic and hemorrhagic, CNS malignancies, particularly cortically based tumors, such as gliomas and metastatic lesions, Alzheimer's disease, and other neurodegenerative conditions. However, the relationship between epilepsy and other conditions, such as subcortical white matter diseases, demyelinating conditions, and certain psychiatric conditions (i.e., depression and schizophrenia), have not been sufficiently characterized.
THE PROGNOSIS OF EPILEPSY
Figure 1 (Jacoby and Baker 2008) outlines the possible courses that epilepsy may take in a given individual.
Generally speaking, individuals with epilepsy will fall into two large categories: (1) those that respond well to medication and their seizures are well controlled, or (2) those that fail to respond to medication are deemed drug resistant. It follows that identifying those individuals who will belong to the latter group is essential.
In 2009, the ILAE defined drug-resistant epilepsy as a failure of informative trials of two tolerated and appropriately chosen and used antiepileptic drug (AED) schedules, whether as monotherapies or in combination, to achieve sustained seizure freedom (Kwan et al. 2009 ). The manner in which the therapeutic intervention is deemed informative is related to a number of factors, including patient adherence to therapy, duration of exposure, inability to tolerate the medication, psychosocial concerns, administrative problems, access issues, and efforts to optimize dose. In one study (Berg and Kelly 2006) , early-onset localization-related epilepsy might not become clearly intractable for many years. In the study, 333 patients were evaluated for resective surgery for localization-related epilepsy that was prospectively identified at the initial evaluation. Latency from epilepsy onset to failure of two AEDs was almost 9.1 years. Twenty-six percent of this group reported at least 1 year of remission and 8.5% of the group reported a 5-year remission rate (Berg and Kelly 2006) .
The percentage of individuals deemed intractable range from 9% to 26% depending on the studied population. Moreover, the natural history of untreated epilepsy is unknown. AEDs with some level of effectiveness have been available now for almost a century. There have been observational data from low-income countries where, in the majority of patients who receive no treatment, spontaneous remissions could approach up to 30%. In contrast, formal epidemiologic studies have found that patients who have had at least two seizures have a very low chance of becoming seizure free. AEDs may delay seizure recurrence and reduce frequency, but do not appear to affect the long-term epilepsy development or prognosis.
Only 5% -10% of all incident cases of epilepsy ultimately result in truly intractable disease. These cases probably account for half of the cases of epilepsy (Berg and Kwan et al. 2009 ). Approximately 60% of patients with intractable epilepsy can be expected to suffer from partial seizures (Kwan et al. 2009 ). Studies suggest that failure to control seizures with the first or second antiepileptic drug implies that the probability of subsequent seizure control with further AEDs is only 4%. Recent studies reported that 5% of patients per year with intractable epilepsy were seizure free for 12 months following medication changes (Kwan and Brodie 2006) . The finding highlights the fact that, irrespective of the number of previous AEDs, there is still a small possibility of inducing meaningful seizure remission in the population.
WHAT CAUSES EPILEPSY?
In 1989, the ILAE divided epilepsy etiology into idiopathic, cryptogenic, and symptomatic groups. Idiopathic epilepsies were presumed genetic, cryptogenic epilepsies were likely to have a cause, and symptomatic epilepsies had an identifiable cause (Commission 1989) . It is important to understand that the disease of epilepsy is a final common pathway for numerous pathophysiological processes.
IDIOPATHIC EPILEPSY
Idiopathic epilepsies constitute 40% of the epilepsies worldwide (Shorvon et al. 2011) . They are characterized by generalized or partial seizures in otherwise normal individuals and no prior history of seizures and a normal medical history. Response to AEDs is satisfactory, but it is unproven that treatment changes occur. Most cases of idiopathic epilepsy show a complex pattern of inheritance in which various genes act in different ways in each patient to produce the specific phenotype or syndrome. The various syndromes of idiopathic epilepsy differ in age of onset. Idiopathic epilepsies with a complex polygenic inheritance are divided into the idiopathic generalized epilepsies and the idiopathic partial epilepsies of childhood. A few idiopathic epilepsy syndromes have a familial distribution with simple inheritance, usually autosomal dominant with reduced penetrance, and are usually caused by mutations in single genes that encode for iron channels or their accessory subunits. This has led to the concept that idiopathic epilepsies are channelopathies even though the link between molecular deficit and clinical phenotype is still insufficiently characterized, and non-ion channel genes are now emerging as causes of sporadic or familial early-onset, focal, and seemingly idiopathic seizure disorders. It is notable that mutations in the same gene can cause different epilepsy syndromes, and the same syndrome can be caused by mutations in different genes; therefore, there is considerable phenotypic and genotypic heterogeneity adding to the complexity.
CRYPTOGENIC/SYMPTOMATIC EPILEPSIES
Symptomatic epilepsies are often associated with structural brain abnormalities indicating an underlying disease or condition. This category includes developmental and congenital disorders associated with genetic or acquired cerebral pathological changes to acquired conditions. In symptomatic epilepsies, the underlying genetic conditions are responsible for either clear neuropathological abnormalities, such as in neurocutaneous diseases, or more subtle changes at the molecular level, such as Angelman syndrome, Rett syndrome, and others.
Symptomatic Epilepsies Caused by Genetic or Congenital Disorders
These include single gene disorders in that these disorders cause epilepsy and manifest primarily in childhood. Seizures are only one symptom of a much broader clinical picture characterized by learning disability and other features.
Chromosomal Disorders
Epilepsy is frequently observed in chromosomal disorders. These syndromes are associated with behavioral and intellectual disabilities and characteristic dysmorphic features. Examples of this include Angelman syndrome, ring chromosome 20 syndrome, and 4P syndrome.
Inherited Metabolic and Mitochondrial Disorders
Seizures are often part of the clinical pictures of inherited metabolic and mitochondrial disorders particularly when these conditions begin early in life. Unfortunately, the clinical presentation in seizures is seldom distinctive enough to allow immediate diagnosis. Clinical phenotypes, epilepsy syndromes, and especially the characteristic times of presentation narrow diagnostic possibilities. The electroencephalogram (EEG) may also help facilitate recognition of the more common diagnoses. All infants and young children seen with unexplained epilepsy and neurological disability should be evaluated for inherited metabolic disorders. A positive family history may provide that important clue.
Malformations of Cortical Development
Malformations of cortical development include a wide range of disorders that commonly cause neurodevelopmental delay in epilepsy, especially in children. They account for at least 40% of drug-resistant childhood epilepsies (Palmini 2011; Barkovich et al. 2012; Palmini et al. 2013 ). Abnormalities of neuronal and glial proliferation of programmed cell death, neuronal migration, synaptogenesis, and cortical organization result in distinct or partially overlapping entities. Some malformations are associated with mutations of specific genes but others result from environmental influences such intrauterine infection or profusion failure.
The most common malformation of cortical development is focal cortical dysplasia. This term designates a spectrum of abnormalities of the laminar structure of the cortex variably associated with cytopathological features including giant cell neurons, dysmorphic neurons, and balloon cells. The most frequent presentation of focal cortical dysplasia is a child or adolescent developing intractable partial epilepsy. However, infantile spasms may be the first manifestation. Focal cortical dysplasia is a frequent cause of focal status epilepticus and is the most common pathological substrate in epilepsy surgery series reaching up to 40% (Palmini 2011; Barkovich et al. 2012; Palmini et al. 2013) . Focal cortical dysplasia is rarely a restricted process as surface and intracranial EEG recordings reveal focal positive spike discharges or high-frequency discharges.
Neurocutaneous Disorders
The neurocutaneous disorders are a group of distinct conditions characterized by congenital dysplastic abnormalities involving the skin and nervous system. Tuberous sclerosis complex is a dominant disorder manifested primarily by abnormalities of the CNS, the skin, and the kidney. About 80% of tuberous sclerosis patients develop epilepsy with about two-thirds presenting with seizures before the age of 2 years, often with infantile spasms (Orlova and Crino 2010) . Sturge -Weber syndrome is a nonfamilial neurocutaneous syndrome in which a venous angioma of the leptomeninges is accompanied by ipsilateral nevus flammeus of the skin supplied by the trigeminal nerve. Seventy percent of these patients develop seizures within the first year of life and almost all have epilepsy before 4 years of age (Comi 2011 ).
Symptomatic Epilepsies Caused by Acquired Conditions
Numerous symptomatic epilepsies are attributed to acquired conditions. These include primary cerebral pathological processes as well as epilepsies caused by external or environmental causes. Seizures can result from anything that injures the brain with the types of injury depending on age. Seizures in children often are caused by birth trauma, infections such as meningitis, and congenital abnormalities. Nonaccidental brain injury, often underrecognized, is a relatively rare cause of symptomatic epilepsy in children. In middle years, head injuries, infectious etiologies, alcohol, stimulant drugs, and medication side effects commonly cause seizures. In older adults, a higher proportion of seizures are cause by brain tumors and cerebrovascular disease. Here are some important acquired conditions that often cause epilepsy.
Cerebral Palsy (CP)
CP is associated with epilepsy in 50% of quadriplegic and hemiplegic forms and 26% of spastic diplegic and in dyskinetic forms (Guerrini 2006) . Infantile spasms are observed in .15% of patients (Guerrini 2006) . Epilepsy often has an early onset and may be focal or generalized and with a variable course.
Hippocampal Sclerosis
The term, hippocampal sclerosis, designates subtle different entities featuring gliosis and neuronal loss in temporal structures. There are several pathologic substrates that are associated with additional pathological changes and in some cases outside the hippocampus. Typical magnetic resonance imaging (MRI) features of hippocampal sclerosis are reduced following increased signal intensity on T2 weighted imaging and abnormal morphology of hippocampus. There is no sex or side preference. Forty-eight to fifty-six percent of cases are bilateral in postmortem studies. In children with temporal lobe epilepsy, MRI detected hippocampal sclerosis in 21% of those with new-onset seizures and 57% of those with refractory seizures. Thus, hippocampal sclerosis is the most common pathological finding in mesial temporal epilepsy, accounting for 70% of patients undergoing surgery for drug-resistant focal seizures. The clinical features include early initial injury, typically complicated febrile convulsions, but also CNS infections or head injury, followed by a variable latent interval of 7 -10 years between the onset of seizures in early childhood or adolescence.
Cerebrovascular Disease
Cerebrovascular disease often causes both acute symptomatic seizures and epilepsy. Seizures are both a common complication of ischemic stroke and can even be a presenting symptom. Early seizures occur within 7 days of stroke symptoms. Late seizures occur thereafter.
Intracranial hemorrhage, a form of cerebrovascular disease, is a frequent cause of epilepsy and often the result of a penetrating head injury. Nontraumatic intracranial hemorrhages are more prominent in children and young adults and more common among men than women. Causes for nontraumatic intracerebral hemorrhage are aneurysms, vascular malformations, venous angiomas, cavernous angiomas, telangiectasias, acute or chronic hypertension, amyloid angiopathy, venous thrombosis, primary and metastatic brain tumor, vasculitis, and bleeding disorders. Vascular malformations may cause epilepsy even in the absence of overt bleeding. Cavernous angiomas and arteriovenous malformations are the most epileptogenic lesions. About 50% -70% of seizures occur within the first 24 hours of intracranial hemorrhage and 90% in the first 3 days with an overall 30-day risk of seizures being 8% (Menon and Shorvon 2009 ).
Neoplasms
Brain tumors account for 3.6% of all epilepsy and 12% of all acquired epilepsy (Lynam et al. 2007; Van Breemen et al. 2007 ). Epilepsy from brain tumors occurs at all ages, but a higher proportion in the 25-to 64-year-old age group. Seizures are the most common presenting symptoms of primary brain tumors. Some patients have one seizure leading to the tumor diagnosis and will never have another seizure after the tumor is resected. In other types of brain tumors, such as dysembrioplastic neuroepithelial tumors, the natural course of the tumor is very benign, but the severity of epilepsy dictates the necessity for surgical intervention. Seizure incidence is low in some of the most malignant brain tumors, such as glioblastoma and primary CNS lymphoma, and higher in some less-malignant infiltrative lesions, such as WHO grade 2 diffuse gliomas. Location in the temporal lobe and cortical rather than white matter involvement are usually associated with a higher risk of seizures. sen et al. 2009). Posttraumatic seizures are traditionally subdivided into immediate, early, and late seizures. Early seizures increase the risk of posttraumatic epilepsy. Several processes contribute to the development of early seizures including hypoxia, increased intracranial pressure, hypotension, edema, ischemia, electrolyte imbalance, and infection. Late seizures reflect permanent neuropathological changes in the brain and tend to recur, therefore, signaling the onset of posttraumatic epilepsy.
Cerebral Infections
Acute symptomatic seizures defined by the ILAE as occurring within 7 days of an acute CNS infection are seen in 2% -67% of patients with encephalitis (Singhi 2011) . The incidence of acute symptomatic seizures and subsequent epilepsy varies with the encephalitis. The risk of developing chronic epilepsy is highest within the first 5 years following encephalitis, but it can occur up to 20 years later (Singhi 2011) . The most common serious viral encephalitis is herpes simplex virus type 1, and this infection often results in severe and intractable epilepsy. It is important to make an early diagnosis. Other viruses that need to be considered include varicella zoster virus and enterovirus. Pyogenic brain abscess is another uncommon, but serious infection that causes epilepsy. Streptococci organisms are often isolated, but many others are also noted. It is of note that neurocysticercosis is the most common parasitic disease of the CNS and a major cause of epilepsy in endemic areas, such as Mexico, India, and China (Singhi 2011) . In Africa, malaria is a particularly common cause of seizures and, typically, status epilepticus is the acute phase of cerebral malaria. There is a 9-to 11-fold increase in risk of chronic epilepsy in children with a history of malaria. Epilepsy is also frequently a presenting symptom of cerebral tuberculoma (Singhi 2011 ).
Immunologic and Inflammatory Diseases
Epilepsy may occur in a number of autoimmune or inflammatory disorders. Clinical presentation varies among patients and includes seizures, psychiatric features, movement disorders, amnesia, confusion, or loss of consciousness. These diseases are often associated with tumors and they are more often nonparaneoplastic and immunotherapy is often effective. Some conditions, such as limbic encephalitis, an anti-NMDA receptor encephalitis, can be a very epileptogenic condition, and immunotherapy is the approach that one takes in management of these conditions. Epilepsy can occur in other forms of vasculitides, sometimes caused by cerebral infarctions.
Neurodegenerative Diseases
Degenerative dementias, such as Alzheimer's disease, are associated with an increased incidence of seizures. The prevalence of seizures in patients with dementia ranges from 10% to 20% (Institute of Medicine 2012). Patients with seizures are younger and significantly more cognitively impaired than those with dementia only. Seizures also occur in prion disorders, frontal temporal lobar degeneration syndromes, whereas Parkinson's disease and other Parkinsonian conditions seem relatively seizure free.
Reflex or Provoked Epilepsy
Reflex or provoked epilepsy is a condition in which seizures can be provoked habitually by an external stimulus or, less commonly, by an internal mental process. Some individuals with reflex epilepsy may have seizures only with specific stimuli, or others may have both reflex and spontaneously occurring seizures. Simple reflex seizures are precipitated by elementary sensory stimuli, such as flashes of light or being startled, whereas complex reflex seizures are precipitated by patient-specific, more elaborate stimuli. Photosensitive epilepsy is the most common type of reflex epilepsy. Clinical photoconvulsive seizures with subclinical photoparoxysmal responses occur when an individual is exposed to visual stimuli, usually flashes of light of a particular frequency. It is believed that this provoked epilepsy is an inherited trait.
QUALITY OF LIFE IN EPILEPSY
The quality of life of people with epilepsy is directly related to a number of factors, including seizure frequency and severity, injuries, AED toxicity, and mood. The typical trajectory for quality of life in epilepsy is shown in Figure 2 (Jacoby and Baker 2008) .
Seizure frequency is a significant inverse predictor of all facets of quality of life, in which increased seizure frequency leads to a poor quality of life. Perception of stigma by both adults and children with epilepsy is related to seizure frequency and severity. Depression, anxiety, and other psychiatric disorders are much more common in people with epilepsy than in the general population and may be more common than in other chronic disorders, such as asthma or diabetes. Patients with temporal lobe epilepsy appear to be more likely to suffer from depression than those with other seizure types. Patients with depression in addition to epilepsy have a reduced quality of life, lower income, and underemployment. Even when epilepsy is in remission, social difficulties seem to persist. People with epilepsy have lower educational levels, lower marriage rates, and higher unemployment rates. They also seem to have altered reproductive function.
PSYCHIATRIC AND COGNITIVE COMORBIDITIES Psychiatric
Psychiatric comorbidities are relatively frequent in people with epilepsy, having been identified in one out of every three patients in the course of their lives. The relationship between some of the psychiatric disorders in epilepsy is complex. For example, depressive disorders in epilepsy have been found to have a bidirectional relation. It is not only that those with epilepsy are at a greater risk of developing mood disorders, but patients with mood disorders are at a greater risk of developing epilepsy. Depressive and anxiety disorders are the most frequent psychiatric comorbidities in people with epilepsy and, more often than not, they tend to occur together. The observations have significant implications with respect to the evaluation and management of these comorbidities. Despite the relatively high frequency of psychiatric comorbidities, the available data on the clinical characteristics and treatment are limited based on the lack of high-quality evidence. The prevalence rates of mood and anxiety disorders have ranged from 10% to 60% in the literature depending on the methodology (Tellez-Zenteno et al. 2007 ). Population studies indicate that one in three to four people with epilepsy have experienced a mood disorder in the course of their lives. The lifetime prevalence of mood disorders based on a Canadian study was 24% in people with epilepsy compared with 13% in controls, whereas 17% had a lifetime history of a major depressive disorder compared with 10% of controls, including dysthymia (Tellez-Zenteno et al. 2007 ). The lifetime prevalence rate of depressive disorders increased to 34.2% (Tellez-Zenteno et al. 2007 ). Population-based studies have identified a lifetime prevalence of anxiety disorders ranging from 11% to 30% (Tellez-Zenteno et al. 2007 ). In the same Canadian study, the lifetime prevalence rate was 22.8% in people with epilepsy versus 11.2% in nonepilepsy patients (TellezZenteno et al. 2007) , whereas that of panic disorder or agoraphobia was 6.6% versus 3.6%, respectively (Tellez-Zenteno et al. 2007) .
Suicidal ideation, attempts, and completed suicide are a serious complication of mood and anxiety disorders. People with epilepsy had a twofold higher risk of completed suicide compared with nonepilepsy controls (Hesdorffer et al. 2006) . In the absence of any psychosocial problem, the risk increased by 32-fold in the presence of a mood disorder and by 12-fold in the presence of the anxiety disorder (Hesdorffer et al. 2006) .
Cognitive
Twenty to fifty percent of all patients with epilepsy report cognitive problems that can significantly impair daily activities and quality of life (Halgren et al. 1991; Vermeulen et al. 1993; Perrine and Kiolbasa 1999; Helmstaedter et al. 2004; Pugh et al. 2011; Kleen et al. 2012 Kleen et al. , 2013 . The neurophysiology of seizures and interictal abnormalities, presence of underlying structural abnormalities, such as hippocampal sclerosis, and side effects of antiepileptic medications, can all contribute to cognitive impairment. In addition, mood is significantly associated with subjective cognitive complaints. Individuals with epilepsy perceive their memory to be more severe than the observed deficits when measured objectively.
Further complicating this situation is that treatment options are limited. Thus, managing this aspect of the epilepsy spectrum is vexing even to the most skillful clinician.
LOOKING BEYOND EPIDEMIOLOGY: THE STATE OF EPILEPSY CARE IN THE UNITED STATES
In 2005, the U.S. Centers for Disease Control and Prevention (CDC) conducted surveillance work to assess the state of epilepsy and seizure care in the United States based on 19 reporting states (Kobau et al. 2005) . The CDC worked with the Behavioral Risk Factor Surveillance System and assessed a number of epilepsy and seizurerelated variables to better characterize how well the U.S. healthcare structure was handling epilepsy care. The Behavioral Risk Factor Surveillance System is an ongoing, state-based, random digit dial telephone survey of noninstitutionalized U.S. adults over the age of 18. This system collects information on health risk, behaviors, and preventative health services that relate to the leading causes of death and morbidity.
The surveillance system included a total of 2207 adults from 19 states, and 1.65% reported a history of epilepsy (Kobau et al. 2005) . Moreover, 0.84% had active epilepsy defined as either a history of epilepsy and currently taking medications or reporting one or more seizures during the past 3 months; 0.75% were classified as having inactive epilepsy or a history of epilepsy or seizure disorder but not currently taking medicine to control epilepsy and no seizures in the 3 months preceding the survey (Kobau et al. 2005 ). There were no differences among the states with regards to prevalence of lifetime epilepsy, active epilepsy, or inactive epilepsy. Prevalence estimates for active and inactive epilepsy revealed no significant difference by sex, race, or ethnicity.
However, American adults with a history of epilepsy and active epilepsy were much more likely to report fair or poor health by being unemployed or unable to work (Kobau et al. 2005) . These individuals also lived in households with the lowest annual incomes and had a history of concomitant disorders, such as stroke or arthritis. Adults with a history of epilepsy and active epilepsyalso reported significantly worse healthrelated quality of life. Individuals with epilepsy were more likely to be obese, physically inactive, and smokers. In adults with active epilepsy with recent seizures, 16.1% reported not taking their epilepsy medications and 65.1% reported having had more than one seizure in the past month (Kobau et al. 2005) . Among adults with a history of epilepsy, almost 24% reported cost as a barrier to seeking care from a physician over the previous year (Kobau et al. 2005) . A total of 35% of adults with active epilepsy with seizures reported not having seen a neurologist or an epilepsy specialist in the previous year (Kobau et al. 2005) . This study showed that the incidence and prevalence rates that are reported by population-based studies are relatively accurate. Seizures and epilepsy are a frequent occurrence among the American population. Yet, the CDC analysis also showed the significant burden of the disease, which cannot be assessed from epidemiological studies. A number of public health interventions are necessary to better educate the public, understand the barriers to care, financing of the care, and how to improve quality of life for patients with epilepsy.
TREATMENT AND RESPONSE
There are now 24 AEDs approved for use in epilepsy in the United States by the Food and Drug Administration (FDA) along with two neuromodulation devices, several surgical procedures, and two diets. Diagnosis and therapy are discussed in the literature. The following is a general overview of overall treatment response.
Medication Response
About 70% of patients with any type of epilepsy will respond to any medication, whereas 30% do not. About 10% of patients with an initial positive antiepileptic drug response cease to respond for a variety of physiological reasons. In one large randomized controlled study, Mattson and colleagues found that only a small number of patients who had not responded to monotherapy with two appropriate AEDs or a combination of two drugs would respond to a third (Mattson et al. 1992) . Recent data using new AEDs also seem to confirm these findings (Kwan et al. 2011) . Once a patient has failed to respond to two AEDs, the chance of achieving control in the third appears to be ,5%. Thus, available data suggests that trying more than three AEDs, at most, is unlikely to help.
Even when using newer AEDs, only 60% of all patients remained seizure free on AED. At least initial prognosis in 90% of patients could be determined within 1 to 2 years. Even though patients with an initial response might relapse, those who do not become seizure free on the first AEDs were very unlikely to do so with subsequent drug trials. The prognosis for AED control of partial seizure disorders may be particularly poor. In the Veterans Administration Cooperative Study, only 20% to 30% of patients with complex partial seizures achieve seizure freedom compared with 60% -70% of generalized tonic -clonic seizures (Mattson et al. 1992) .
Data on the treatment of Lennox-Gastaut syndrome, infantile spasms, and other catastrophic epilepsies, however, are limited. These epilepsies are intractable almost by definition, as most currently available drugs have limited efficacy. Infantile spasms, in particular, are refractory in almost 50% of cases.
Dietary therapy is limited by the difficulty in patient compliance. Most studies assessing this treatment reveal a response of 30% to 33% seizure control, 33% seizure reduction, and 33% have no response (Sirven et al. 1999; Kossoff et al. 2008 ) for all types of epilepsy.
Surgery Response
Surgery offers the best hope for altering the course of epilepsy. There has only been one controlled study comparing medical and surgical prognosis. Patients older than 16 years with temporal-lobe onset of seizures who had at least one seizure per month on two effective AEDs were randomized to either temporal lobectomy or optimization of medical therapy. At 1 year, 58% of surgical and 8% of medical patients were free of seizures impairing consciousness (Wiebe et al. 2001) . Two patients who had undergone surgery had a decline in verbal memory that affected their work, one medical patient died from SUDEP. Other uncontrolled studies have shown similar outcomes.
Several studies have found evidence for progressive cognitive impairment in epilepsy, particularly in memory that may be associated with baseline imaging abnormalities, lower baseline function, and longer epilepsy duration. Patients with epilepsy may continue to have social and psychological problems, even when seizures are controlled. Cognitive dysfunction may persist as well, and it may be unclear how much is caused by subclinical seizures, AED therapy, or underlying brain dysfunction. Successful surgery may arrest or even reverse cognitive decline, although patients who continue to have frequent seizures may experience increased neuropsychological deficits.
Successful surgery tends to relieve depression and anxiety. In a multicenter study preoperatively, 22% of patients had moderate to severe depression and 25% anxiety. At 2 years of follow-up, prevalence was 17.6% and 14.7% of patients who continued to have postoperative seizures compared with 8.2% of those who were not seizure free (Engel et al. 2012) . Two years after surgery, children report a significant improved social competence and self-worth; adolescents reported improved athletic competence and romance.
Neuromodulatory treatment with stimulation of the vagus nerve, trigeminal nerve, closed loop devices of cortical stimulation, and deep brain stimulation of the anterior thalamus are, at best, palliative therapies promising seizure reduction in 40% of patients with long-term therapy (Vagus Nerve Stimulation Study Group 1995; DeGiorgio et al. 2000 DeGiorgio et al. , 2013 Fisher et al. 2010; Morrell 2011) . Seizure freedom is rare and elusive with these devices. Nevertheless, they may provide some improvements in quality of life by avoiding common cognitive and psychiatric adverse effects associated with antiepileptic medications.
CONCLUSION
Epilepsy is a common complex spectrum disorder that can impact individuals of all ages, with a particular predilection for the young and the old. The disease has a multitude of phenotypic presentations and its causes are multifactorial ranging from monogenic etiologies to numerous cortical acquired pathologies. The severity of the condition can vary widely among patients with significant morbidity and mortality. Despite the numerous medical, surgical, immunological, neuromodulatory, and dietary therapies available to help control seizures, public health surveys continue to show that a considerable number of those afflicted have poor quality of life because of the impact that recurrent seizures have on activities of daily life.
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